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Details 

1 . Name of invention 

Manufacturing method of the electro luminescent emitting element 



2. Range of the patent claims 

(1) It is concerning the manufacturing method of the electro luminescent emitting 
element, which shall contain the emission layer and ferroelectric layer between 
the electrode, which shall have the ceramic substrate, and the transparent 
electrode. 

(a) It is a process of forming at least one green sheet, which is composed of 
the dielectric, which shall compose the abovementioned ceramic substrate, 
and another green sheet, which is composed of the ferroelectric, which 
shall have the dielectric rate of at least 10000. 

(b) It is a process to print the metallic paste to at least one of the green sheet, 
which is composed of the abovementioned dielectric. 

(c) It is a process of forming the ceramic substrate, which shall contain the 
ferroelectric layer of the thickness less than 50 jam, which is created by 
firing the molded material, which is molded by the pressure molding, 
which is applied to the green sheet, which is composed of the 
abovementioned ferroelectric, which is laminated to another green sheet 
where the printed electrode is exposed, which is laminated to the 
abovementioned green sheet, which shall contain the printed electrode. 

(e) It is a process, which is to create the transparent electrode layer on the 
emission layer, which is created on the abovementioned ferroelectric 
layer. 

It is a manufacturing method of the electro luminescent emitting element, 
which is created by the processes of the abovementioned (a) to (e). 

(2) It is a manufacturing method of the electro luminescent emitting element, which 
is mentioned in (1) of the range of the patent claims, which shall be characterized 
by possessing the lead perovskite structure in the ferroelectric as well as 
indicating black color or dark brown color. 

3. Detailed explanation of the invention 
[Utility field of the industry] 

This invention is concerning the manufacturing method of the electro luminescent 
emitting element, and in detail, it is regarding the manufacturing method of the electro 
luminescent emitting element, which shall produce emission at the low voltage and can 
be used favorably, for example, for the display equipment of electronic machinery, etc. 

[Existing technique] Electro luminescence is basically created by arranging the emission 
layer and the dielectric such as the ZnS layer between two electrodes of one being the 
transparent electrode, therefore, for example, concerning the patent report of 
KOKUKAISHO 63-146396, the manufacturing method of the abovementioned electro 
luminescent emitting element is shown, that is, either creating it using a forming 
technique (for example, deposition technique, CVD method or sputtering method, etc.) to 
create the transparent electrode, which is composed by the ITO film, the dielectric layer, 
the emission layer, the dielectric layer and the electrode layer to the glass substrate, or 
creating it by printing the conductive paste to the ceramic substrate such as the sintered 
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almina substrate, and then after laminating the green sheet of the ferroelectric on top of 
this, the lower insulation layer shall be created by firing these laminated layers, then the 
emission layer and the transparent electrode shall be attached to this insulation layer in 
sequence. 

Especially concerning the latter manufacturing method, due to the reason that it has more 
than 10000 dielectric rate of the insulation layer, it is possible to drive by low voltage 
such as around 50V. 

[Problems to be solved by the invention] 

However, generally, in order to be able to drive the electro luminescent emitting element 
using the low voltage, the dielectric layer must contain high electrostatic capacity, 
however, due to the reason that the dielectric layer of the abovementioned material, 
which shall use the glass substrate as the insulation substrate, is created by the thin film 
technique, high dielectric rate cannot be obtained. Therefore, in order to make the said 
dielectric layer, which is obtained by the thin film technique, have high electrostatic 
capacity, such a method is tried as to make the thickness of the said dielectric layer 
thinner, however, although it is able to obtain the high electrostatic capacity by thinning 
the thickness of the dielectric, such method is not recommended due to the reason that the 
withstand voltage becomes lower. 

Also, concerning the type, which shall use the ceramic substrate such as sintered almina 
substrate as for the insulation substrate, the insulation layer is created by firing the 
layered material, which is composed of laminating the green sheet of the ferroelectric on 
the said ceramic substrate, however, because in this manufacturing method, the green 
sheet shall be laminated for firing to the insulation substrate, which the firing has already 
been performed, and therefore, this method shall require 2 firing processes, which makes 
the manufacturing process more complicated and makes the cost higher. 

Further, in the case that the forming of the insulation layer is made by firing the 
laminated material, which shall be the laminated layer of the green sheet of the insulation 
substrate such as almina, etc., and the green sheet of the ferroelectric, 2 different kinds of 
material shall react to each other, which makes the dielectric rate of the ferroelectric 
lower, therefore, it is not only very difficult to obtain the high dielectric rate in the 
ferroelectric layer, but also, it is not able to accomplish sufficient bonding between the 
two different green sheets due to the reason of the physical differences between the green 
sheet of the insulation substrate such as almina, etc. and the green sheet of the 
ferroelectric. 

Therefore, the inventors of this invention has examined the abovementioned problems in 
the various ways, and it was discovered that it was possible to manufacture such electro 
luminescent emitting, which shall emit at the low voltage and shall have high contrast, by 
using either the same kind of green sheet, which the ferroelectric shall indicate at least 
10000 of the dielectric rate of either black color or dark brown color as well as having the 
lead perovskite structure, for both, or such green sheet, which is difficult to react against 
the ferroelectric layer and shall have a lower dielectric rate than the dielectric rate of the 
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ferroelectric layer, for one of the green sheet, which shall be used as the insulation 
substrate. 

Therefore, this invention is concerning the abovementioned discovery, and the purpose of 
this invention is to provide the simple method of obtaining the electro luminescent 
emitting element, and the manufacturing method of the electro luminescent emitting 
element, which shall emit at the low voltage. 

[The method of how to solve the problem] 

The abovementioned purpose of this invention was accomplished by the below 
manufacturing method of the electro luminescent element. It is concerning the 
manufacturing method of the electro luminescent emitting element, which shall contain 
the emission layer and ferroelectric layer between the electrode, which shall have the 
ceramic substrate, and the transparent electrode. 

(a) It is a process of forming at least one green sheet, which is composed of 
the dielectric, which shall compose the abovementioned ceramic substrate, 
and another green sheet, which is composed of the ferroelectric, which 
shall have the dielectric rate of at least 10000. 

(b) It is a process to print the metallic paste to at least one of the green sheet, 
which is composed of the abovementioned dielectric. 

(c) It is a process of forming the ceramic substrate, which shall contain the 
ferroelectric layer of the thickness less than 50 jam, which is created by 
firing the molded material, which is molded by the pressure molding, 
which is applied to the green sheet, which is composed of the 
abovementioned ferroelectric, which is laminated to another green sheet 
where the printed electrode is exposed, which is laminated to the 
abovementioned green sheet, which shall contain the printed electrode. 

(e) It is a process, which is to create the transparent electrode layer on the 

emission layer, which is created on the abovementioned ferroelectric 
layer. 

It is a manufacturing method of the electro luminescent emitting element, which is 
created by the processes of the abovementioned (a) to (e), and the abovementioned 
ferroelectric shall possess the lead perovskite structure as well as indicating black color 
or dark brown color. 

[Detailed explanation of the invention] 

Herebelow the invention shall be explained in detail. 

First of all, the ferroelectric, which is used in this invention, shall have the lead 
perovskite structure, the dielectric rate of at least 10000 and shall indicate either black or 
dark brown color, in detail, for example, they are PbTi0 3 , PbZr0 3 , Pb(Mgi/ 3 Nb2/3)0 3 , 
Pb(Fe 2 / 3 Wi/ 3 )0 3 and Pb(Mni/ 3 Nb 2 / 3 )0 3 * and the solid solution of those. 

A common method of this technical field is used in order to create the green sheet of the 
ferroelectric, that is, for example, powder of the ferroelectric, organic solvent, plasticizer 
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and organic binder, etc. shall be mixed, then the mixture is adjusted by the doctor blade 
coater, and then by cutting the adjusted mixture to the desired length to create a green 
sheet. 

The thickness of the green sheet, which is used in this invention shall be less than 70 ^m, 
and preferably between 20 jxm and 50 jam. If the thickness of the green sheet is bigger 
than 70 ^m, the desired low voltage cannot be obtained. Also, if the thickness is less 
than 20 jam, not only forming the green sheet becomes difficult, but also the withstand 
voltage tends to go down, which is not recommendable. 

Any substrate, which is used as an ordinary ceramic substrate, can be used for the green 
sheet, which is used for the insulation substrate in this invention, for example, as for the 
dielectric component, almina, titanium oxide, magnesium titanium oxide and silicon 
oxide, etc. can be used, and as for the ferroelectric component, the dielectric rate shall be 
at least 10000, and in detail, for example, they are PbTi0 3 , PbZrOj, Pb(Mgi/ 3 Nb 2 / 3 )0 3) 
Pb(Fe 2 /3Wi/ 3 )C>3 and Pb(Mni/ 3 Nb 2 / 3 )0 3 , and the solid solution of those. 

The thickness of the green sheet, which is used as the insulation substrate in this 
invention, shall have no special limit, however, usually it is preferable to be in the range 
of 100 to 600 jam. 

Concerning this invention, the same material shall preferably be used for the material, 
which is used for the green sheet of the ferroelectric, and the material, which is used for 
the insulation substrate. 

It is able to print necessary metallic conductor to at least one of the green sheets, which 
are used for the purpose of the insulation substrate in this invention. As for the metallic 
conductor, Ag paste and Ag/Pd paste, etc. can be used. 

Concerning this invention, the ceramic substrate, which shall have ferroelectric layer, 
shall be manufactured, by firing the obtained layer, which is the laminated layer of 
necessary number of layers laminated of both kinds of green sheets, which is the green 
sheet of the ferroelectric, which is obtained by the abovementioned method, and the other 
green sheets, which are used for the insulation substrate, which the metallic conductor is 
printed to at least one of them, and such firing method shall be the ordinary firing 
method, which is used in this technical field (for example, fired at 800 °C to 1200 °C). 

Such ferroelectric layer, which is obtained by the abovementioned method, which shall 
contain the ceramic substrate, shall indicate the block color to the dark brown color. 

Next, the emission layer and the transparent electrode layer shall be coated in sequence 
on the ferroelectric layer of the ceramic substrate, which shall have the abovementioned 
ferroelectric layer, and as for the emission layer, the metal doped phosphor material shall 
be used, and the example of those are mentioned below, which is the material that are 
normally used in this technical field. They are ZnS : Cu, CI (blue green), ZnS : Cu, I 
(purple), ZnS : Cu, Al (green), ZnS : Cu (red), ZnS : Mn 2+ (yellow orange), ZnS : TbF 3 
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(green), ZnS : EuF 3 (red), ZnS : SmF 3 (red), ZnS : PrF 3 (blue green), CaS : EuF 3 (red) and 
SrS : Ce (blue green), etc. 

The thickness of the emission layer is preferably within the range of 0.1 to 0.8 |im. 

As for the transparent electrode, the layer of the thickness of around 0.2|am of the 
transparent conductive coated film of ITO (ln 2 0 3j Sn0 2 ) shall be used. 

As to the thin film technique, there is the deposition technique, the sputtering method, the 
CVD method (especially the MO-CVD method) and the PVD method, etc., and any of 
those methods, which are in common within this technical field. 

The ferroelectric of such electro luminescent emitting element, which is obtained by the 
abovementioned method, shall be less than 70 |im, and preferably within the range of 
20jam to 50 |im, therefore, the emission starting voltage of the said emitting element can 
be the low voltage of between 30 V and 50 V, further, because the abovementioned 
ferroelectric layer shall indicate the black color to the dark brown color, the emission 
condition is good and it can obtain high contrast. 

The electro luminescent emitting element, which is manufactured by the method of this 
invention, shall be used for the display equipment of the electronic machineries as well as 
the dial plate of an instrument, display boards, door plates, seat lights, guidance lights and 
foot lights, etc. 

[Example of implementation] 

Next, this invention shall be explained in further details using the example of the 
implementation, however, this invention shall not be limited to the implementation 
example. 

Example of implementation 

100 part by weight of lead perovskite powder, which is indicated as the composition of 
(Pbo. 9 Bao.i) [Tio.2 (Mgi /3 Nb 2 / 3 )o.5 (Fe 2/3 Wi/ 3 ) 0.3], 50 part by weight of organic solvent 
[ethanol (ethyl alcohol), n-butanol (n-butyl alcohol)], 3 part by weight of dibutyl 
phthalate and 3 part by weight of polyvinyl butyral were mixed very well. A part of the 
obtained mixture was made into a long shaped material of the thickness of 60 jam using 
the doctor blade coater, and then the green sheet, which shall be used for the ferroelectric 
layer, was created by cutting this. 

Next, the green sheet for the insulation substrate of the thickness of 300 (am shall be 
created by the same method using the remaining part of the abovementioned mixture, 
then after creating a through hole to the green sheet for the insulation layer, the circuit 
pattern of Ag/Pd paste was printed to the said green sheet. 

First of all, after laminating 2 pieces of the green sheets, which are already printed by the 
abovementioned method, the green sheet for the abovementioned ferroelectric layer was 



7 



laminated on top, then by heat crimping the said laminated layer, the layered material, 
which shall contain the ferroelectric layer, was manufactured. By firing this layered 
material at 1000 °C 3 the ceramic substrate, which shall contain the ferroelectric layer, 
could be obtained. 

The thickness of the ferroelectric of the ceramic substrate, which shall have the 
ferroelectric by the abovementioned method, was 50 |im, and the surface of the 
ferroelectric was indicating between the black color and the dark brown color. Also, the 
dielectric rate was 12000. 

Next, in order to create the electro luminescent emitting element, an emission layer was 
created using the Mn doped ZnS by the sputtering method to the thickness of 0.6 jam, 
then the transparent conductive coating, which shall be ITO (In 2 C>3, Sn0 2 ), was created 
on top of this emission layer by the sputtering method to the thickness of 0.2 jam. 

The electro luminescent emitting element, which was obtained by the abovementioned 
method, began emitting at 30V, and high contrast display was obtained. 

[Effectiveness of the invention] 

Concerning the invention, it is possible to manufacture such electro luminescent emitting, 
which shall emit at the low voltage and shall have high contrast, by a simple method 
using either the same kind of green sheet, which the ferroelectric shall indicate at least 
10000 of the dielectric rate of either black color or dark brown color as well as having the 
lead perovskite structure, for both, or such green sheet, which is difficult to react against 
the ferroelectric layer and shall have a lower dielectric rate than the dielectric rate of the 
ferroelectric layer, for one of the green sheets, which shall be used as the insulation 
substrate. 

4. Simple explanation of the figure 

Figure 1 shall indicate the cross section figure of the electro luminescent emitting 
element, which is manufactured by the manufacturing method of this invention. 

Explanation of the symbols 



1 . Transparent electrode 

2. Emission later 

3. Ferroelectric layer 

4. Insulation layer 

5. Internal electrode 
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